Based on the Entropy Method, ESDA and spatial panel data model methods using urban patents database of China's 285 cities during 2014-2015, this article explored the spatial pattern and determinants of innovative output. The results show that: Innovative output shows obvious characteristics of geographical agglomeration and spatial agglomeration. Most cities had strong path dependence and lock-in characteristics, and transition didn't occur. When the inter-city correlation is considered, human capital and industrial base are the major driving forces for boosting innovation output. The input of innovation elements will not only promote the improvement of local innovation ability, but also promote the development of innovation capability in the neighboring cities.
Introduction
Since Schumpeter [1] , a representative of neoclassical economists, put forward that innovation is the core of economic growth, and technological progress as well as technological innovation has received more and more attention and research. The economic development of China has entered a new normal, and the driving role of the traditional development mode is becoming increasingly weak.
It must rely on innovation to build the core driving force of economic growth [2] . Since the 18th National Congress, the Party Central Committee has proposed the strategy of innovation-driven development, placing scientific and technological innovation in a crucial position. In order to improve the innovation ability of the region, local governments now provide preferential tax poli-S. J. Guo DOI: 10.4236/me.2019. 101002 13 Modern Economy cies, talent policies and other support to attract innovative resources and create an active innovation environment. However, with the improvement of network, transportation and other infrastructure, the game between spillover effect and agglomeration effect determines whether innovation resources are concentrated in the region and achieve innovation-driven development. Because of the existence of knowledge spillover effect, the innovation activities of a region benefit from the adjacent innovation agglomeration area [3] . Because of the advantages of geographical location, the innovation ability of this region is superior to that of other regions. The existence of agglomeration effect makes innovative elements accumulate continuously under the effect of centripetal force, which leads to innovation differences and enlarges the trend. Innovation output is the result of innovation input. Innovation output reflects regional differences in innovation ability. It is of great practical significance to comprehensively grasp the spatial evolution of innovation output, explore the spatial distribution of innovation ability and implement innovation development strategy based on differentiation.
At present, there are some limitations in the research of the spatial pattern of innovation output in academic research, such as the research level and the neglect of the innovation content of the three patents. Fan Lina [4] discussed the distribution characteristics of patent applications in 31 provinces and municipalities in China from a spatial perspective, but neglects the spatial correlation when analyzing the influencing factors of innovation capability. Li Zhigang [5] used Provincial patent authorization data to represent innovation output, using spatial analysis method to explore the distribution characteristics of innovation output in China, and through regression analysis to further verify and calculate the strength of spatial correlation. Chen Jing [6] visualized the authorized data of invention patents by using GIS tools, and found that although the gap of innovation ability among regions was further widened, there was a unipolar linear development in the areas where innovation activities were concentrated, and invented Patent, design and utility model patents are used for stepwise screening regression analysis of dependent variables. Wang Chunyang [7] uses ESDA analysis tools to study the spatial and temporal patterns of innovation output based on the patent application authorization of 341 Prefectural Administrative
Regions in China. He Shunhui [8] based on the number of patents and papers in 287 prefecture-level cities in China from 2001 to 2014, using the mutation series to get the comprehensive score of innovation to represent the innovation output, and reveals the spatial differentiation characteristics and influencing factors of China's innovation capacity through the spatial cross-section model. These studies provide a new perspective for the pattern and evolution of China's innovation output. The spillover effect of innovation output decreases with the expansion of geographical distance. Spatial spillover often exists in a smaller geographical space. At the same time, the research object is too small to describe the evolution of China's overall innovation output pattern. Therefore, scholars move the research object of innovation output from provincial level to urban level, analyze the difference characteristics of national innovation output, and compare the difference of innovation output of cities within provinces.
Based on the premise of describing the evolution of China's overall innovation output pattern and considering the availability of data, this paper uses the patent data of prefecture-level cities to explore the characteristics and influencing factors of China's overall innovation output. However, at present, there is no statistical data of three types of patents of cities. In this paper, we use the Patent Retrieval System of China Intellectual Property Office to query patent application, appearance design and utility model patent data, and use the comprehensive index generated by the entropy method to characterize innovation output. Using the data from 2004 to 2015, this paper explores the dynamic evolution pattern of innovation output in 285 prefecture-level cities in China, explores the influencing factors of innovation output with the help of spatial dynamic panel model, and seeks to optimize the allocation of innovation resources.
Research Methods and Data Sources

Index Selection
Innovation output and innovation input are two aspects of innovation capability. Because not all regions will be innovation outputs, and innovation input does not represent the level of innovation ability. Agglomeration effect is the agglomeration of economic factors and economic activities within a region driven by a certain relationship. When reaching a certain scale, it will produce greater effect than a single factor, and turn into economic effect or non-economic effect.
At the same time, because of the existence of spatial correlation between regions, the effect or results on the surrounding areas will be transformed into spillover effect. Through the game of "spillover effect" and "agglomeration effect", the innovation input can represent the innovation ability of the region by trans- 
Research Method
Entropy Method for Comprehensive Score
Entropy is a concept used to reflect the uniformity of spatial distribution of energy in physics. With the intersection of disciplines, concepts in physics appear more frequently in economics. Entropy method is an objective evaluation method, which can avoid the influence of subjective factors on the accuracy and accuracy of data.
Firstly, standardize three kinds of patent data.
X is the standardized value of patent data, ij X is the initial value of patent data, i is the innovation output index, j is the city, 
The bigger the information utility value i d is, the more important the innovation output index of item i is, the bigger the corresponding weight is. Calculating the final weight of index i:
Finally, the weights generated by the entropy method are used to calculate the comprehensive score of innovation output.
Measuring Regional Differences by Theil Index
In 1967, H. Theil, a famous Dutch economist, first put forward the Theil Index, which is used to measure the income gap between citizens and regions. Because
Theil Entropy Index can not only calculate intra-group disparities but also measure inter-group disparities, the application of Theil Entropy Index is becoming more and more widespread with the deepening of interdisciplinary. China is the sum of the intra-regional and inter-regional differences. 
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Among them, 1 T represents the inner Theil index and 2 T is the inter-regional Theil index. The specific expressions are as follows: 
Measuring Spatial Autocorrelation by Moran Index
Based on the Queen spatial weight matrix, this paper uses the global Moran' I index to measure the spatial autocorrelation between cities, so as to reflect the similarity of cities with common boundaries or vertices. The expression of global that is, the spatial agglomeration between cities with high innovative output and cities with high innovative output; conversely, the closer to −1, the greater the negative correlation between regions, that is, the greater the gap between innovative output of cities with high innovative output and that of surrounding cities; and I = 0, the greater the gap between innovative output of cities with high innovative output and that of surrounding cities. The distribution of output is random.
Measurement of Spatial Spillover Effect
LeSage and Pace [11] found that the empirical analysis of spatial spillover effects using point estimation measures in the past will lead to errors in the results, and partial differential is used as the basis for explaining the existence of spatial spillover effects. Taking the spatial Durbin model as an example, its general expression is as follows:
Then the partial derivative matrix of the expected value of the explanatory variable X corresponding to Y is:
The direct effect is the average value of the principal diagonal elements of the partial derivative matrix, the indirect effect is the average value of the non-diagonal elements of the matrix, and the sum of the direct effect and the indirect effect is the total effect. The direct effect in this paper reflects the impact of the input of innovation factors on innovation output in the region. It includes "feedback effect", that is, the influence factors of a city act on the surrounding cities, and at the same time transmit to the role of the city. Indirect effect measures the impact of changes in input factors of innovation output on innovation output in other regions. This paper will report various effects in the empirical part.
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Spatial-Temporal Evolution Patterns of Innovation Output in China
Innovation Output Shows Obvious Zonal Characteristics
On the whole, although the score of innovation output in the four regions is slightly fluctuating, the level of economic activity has a profound impact on the current situation of innovation output pattern and is changing. It still shows the characteristics of differentiation between strong regions in the East and weak regions in the west. Evolution of innovation output scores in four major areas of China are shown in Table 1 
Spatial-Temporal Evolution of Regional Differences in Innovation Output
The Theil index and Gini coefficient can be used to measure inter-regional differences. The Intyre index has the advantage of quantifying inter-regional and intra-regional differences. In this paper, the Theil index is used to measure the change of regional differences. The Theil index shows a trend of steady fluctuation first and then obvious decline. Since 2010, the Theil index has declined significantly, which indicates that innovation output has developed from polarization to equilibrium diffusion. The regional differences are basically in a stable state with little change. According to Figure 1 , we find that the regional differences in 2004-2015 are very close to the total differences, and show a high level. The contribution rate of regional differences to the total differences has been above 88% by calculating the original data. Although the Theil index in the West shows a downward trend, it has always been the region with the highest Theil index, and the contribution rate to the regional differences is over 33%. The difference of innovation output mainly lies in the regional differences, among which the difference in the west is obvious, which shows that the innovation output in the west is highly concentrated in a few provincial capitals. The regional differences in Northeast China have always been at a low level, and have experienced an inverted U-shaped change trend of rising first and then falling. The downward trend in the central region clearly shows that the innovation output is developing in the direction of optimizing and balancing. The internal differences of the eastern regions where innovation output is concentrated are extremely stable, and the innovation capacity and innovation output changes among cities are relatively coordinated. The results in Table 4 show that most of the cities in or around prefecture-level 
Spatial Autocorrelation of Innovation Output
Empirical Analysis of Influencing Factors of Innovation Output
Selection of Variables and Data Sources
Innovation output is influenced by many factors, referring to previous literature 
The data used in this paper are all from the "Urban Statistical Yearbook" over the years. The missing data are processed by arithmetic average method.
Regression Modeling and Result Analysis
The above Moran's I shows that innovation output has obvious spatial heterogeneity and spatial dependence at the level of 1%, which leads to inconsistency The expression of space lag effect is as follows: ε is the error term of normal distribution.
The regression results are shown in Table 5 and Table 6 . Table 5 Table 5 . Regression analysis of influencing factors of innovation output spatial panel of prefecture-level cities.
( Note: 1) "*", "**" and "***" are significant at the levels of 10%, 5% and 1% respectively; 2) The values in parentheses are the test P values.
proves that innovation is a process of input and output, and the quality and quantity of innovation input largely determine the difference of innovation ability. When introducing spatial autocorrelation and spatial dependence into the model, the importance of human capital and industrial base has not changed. Human capital is the main participant of innovation activities and the essential input factor of innovation activities. Many innovative outputs come from industrial production activities. Solid industrial foundation provides a continuous impetus for innovative activities. It can also increase innovation support and provide material basis for innovative activities. Fixed assets investment can greatly promote economic development, but a large part of fixed assets investment in real estate development. The hot real estate market attracts more capital investment and reduces financial support for innovation activities. The empirical results show that there is a negative relationship between fixed asset investment and innovation output, which also confirms that the fixed asset investment proposed in the literature [16] [17] has a significant squeezing effect on innovation activities. The empirical results show that education level, infrastructure and economic extroversion can improve innovation output capacity. The improvement of education level can provide high-quality talents for research institutions and innovative enterprises, and improve the utilization efficiency of innovative output by utilizing the "production-learning-research" innovation chain. The improvement of infrastructure, especially the popularization of Internet, breaks through the limitation of geographical location to a certain extent, provides more learning opportunities, and speeds up the dissemination of knowledge and technology among cities. On the one hand, economic openness can enhance the connection with international advanced technology and knowledge, integrate the differentiated technology and knowledge carried by large-scale foreign direct investment with local innovation activities, shorten the exploration time, and introduce and re-innovate with higher efficiency and faster speed. The spatial autoregressive coefficients of SLM and SDM models with fixed effects were tested at the level of 1% and positive. This shows that there is an obvious spatial spillover effect in China's innovation output, that is, the innovation output of a city is closely related to that of the surrounding cities and changes in the same direction. In other words, the increase of innovation output of a city will lead to the improvement of innovation ability of surrounding cities, while the enhancement of innovation ability of surrounding cities will promote the increase of innovation output of the city.
Referring to the previous literature, this paper will lag behind two periods.
The results show that the spatial autoregressive coefficient of the dynamic panel SDM model is positive, and it passes the significance test at the level of 10%. With other factors unchanged, every 1% increase of human capital input in the surrounding cities will promote the innovation output of the prefecture-level cities to increase by 0.317%. Policy factors can include providing preferential policies for innovative enterprises and increasing support for innovative activities. In OLS and SLM models with fixed effects, the impact of science and education expenditure on innovation output is not significant.
The results of dynamic spatial SDM model show that no matter how long it takes, the direct effect is the main driving force to promote the development of innovation output. Specifically, the direct effect of innovation input is the most significant in the short term. It can also be said that a city's input and innovation factors will promote the innovation output of the city in the short term, and 
Conclusions
gression coefficient of education level increase, which are all important factors affecting innovation output, of which human capital is one of the most important factors. And the industrial base has the most obvious effect on the improvement of innovation ability. The factor input and innovation output of the surrounding cities have a significant impact on the city's innovation ability. The long-term effect of technological innovation capability of cities and surrounding cities is greater than the short-term effect, and the direct effect includes feedback effect, so the regression coefficient of each influencing factor is higher than that of dynamic spatial panel.
As China enters the new normal and emphasizes sustainable economic development, innovation becomes an important driving force to improve resource utilization efficiency and industrial transformation and upgrading. Although the spatial spillover effect is becoming more and more obvious, the major urban agglomerations in the eastern region and the provincial capitals in the central and western regions are still the highlands of China's innovation capability. In order to improve the innovative ability and optimize the spatial pattern of innovative output of Chinese cities, firstly, we should pay attention to the cultivation of human capital, provide continuous supply of high-quality talents for the innovation chain of "production-learning-research"; consolidate the economic foundation, and give full play to the two-way promotion of economic development and innovative activities. Secondly, we should establish a diversified urban collaboration mechanism, improve the quantity, quality and level of innovation interaction among cities, accelerate the cross-regional flow of innovation elements and optimize the allocation of innovation resources. Finally, we should cultivate regional innovation growth poles and play a coordinating and driving role for the surrounding cities.
Innovation output has other indicators such as patent and new product output value, which is limited by the availability of data. In this paper, only three kinds of patent data are used to characterize innovation output, which has certain limitations. At the same time, because 285 cities do not all have adjacent relationships, it is unstable to use only 0 -1 matrix for spatial weight matrix regression. It is hoped that the range of indicators and regression methods can be continuously supplemented in the future, and the matrix can be constructed from multiple perspectives.
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